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C399.00/I 

Tttfe! yrn fmmemeaa/ h^ nr relatinfr tf^ yarii> dffiSSingg 

Hiis nuvention xdates to ddn diessiqgs for appUcatkm to a part of a humaa or ajiimal body 
fcr treatmeaw of skin, and relates particularly (but not exclusively) to wound dressings for 
treatment of congironrised sldn. paiticulwrly skin lesions, i.e. any Interrapaon in ihe 
Buifece of the skm, whether caused by injury or disease, indndiiig skin ulc^, bums, cuts, 
punctures, lacerations, blimt traumas, acne lesfons, boils etc. 

Background *n H« InventiorL 

Skin and woond dressings are denned k> undertalcB a number of important functions to aid 
Hie process of beatins. Estpeirts agree on most of the functions that m ideal dressing 
sbouM provide, and tb^ indhidB: 

• Donaiiim of moisture to diy wontads 

• Absorption of exc^ fluid firom weeping wom^ 

• Mai^tenMid fe of a toofet envirccnment axxwnd the wound bed 

A Binding of wat^ snmcieotly weill to prevent macetatioiL (water-logging) of the 
normal tissue 

• Aiding didiridanent (^removal of dead tissue and scar material) 

• Prevention of inSection and proviska of a bamer to escapiiig or invading 
microbes 

• Killing ini&ccing tuiorobes 

• f\Mn>nin^ ngaiwrt liirilMtf ptcvaioai trauma 

■ Maintaining an oplL oa nm tenqpetatuxe toou^ 'di^D&iil towilari c ffl i 
« Allowing ingxess of ^emtifiil oxygen 



• Soothing painful and ioflamed open wound sites 

• Flexibly a<?? p^g to the sbs^e of the wound site 

• Keeping its pl^sical imtegriiy so fhat ftagmenied dressing debris is not left in 
the wound 

• Ertrting no cytotoxic noipl?ysiciHydamag&^ 

In addition, die Dandling and physical design ctoracterisfics should make the dressing easy 
to nse and oomfbrtable to wear. For storage and distrihoiion pmposes, the dressii^ sh<xttJd 

be stabk at aiiibieilt tempeiatuies, aiid robust. Ideally jt jhoiKI he sm.plc: to inaaufacftire. 
in Older to allow its production and s^ at a price that is affiirdaWe for widespread nse. 

These and other demands make the design of an ideal wound dressing ahnost impossftle. 
To date, an wound dressings are a con^romise, such diat none offers aU of die nmcb 
desired characteristics in one product. For tiiis reason, there are numerous different 
wound diessings on die market, and the typical nurse caring for patients wifli woimds 
needing prOfessiOXJal care wiU select different dressings for different wounds and for 
wounds St diflteieflt phases of flha wound healmg process. Manufectntets are constantly 
seeking new ways to make mons effective wound dresstogs, which means ihat diey are 
tiying to mate dressinss that incoiporate mote of the Characteristics axid flmctions listed 
ebove. With the acMevemeot of eaclimwbeiwfit. the cause of improved 
advanced, as the tesnJt of faster healing, reduction of paid and inqxrovcniBnt in &e qualiftr 
of life. Mefflcal care in general can bcmejBtftom such progtess. AlthouB?* ^h^se advanced, 
"active" dressings usually cost moxe. dwy can reduce die oveaaU time daring ^x*ich a 
wonnd needs attention and reduce the amount of nursing time devoted to ftequent changes 
of dressing. This drives down the huge cost borne by modem socieiy in caring for 
woiiods. 

Tbe invenflon described here is concerned wiJb inxprovtag flie perfonnance of wound 
dressings, in tenns of the features listed above. 
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When coasidedng this Ust of tequirenjftttts. it soon becomes ctear that many Of *e 
danandsfieemtobecortedictflry. For eKan^le, a diessing fiiat donates moistiire would 
BOt. at first si^ be «cpe<^ tp te able lo absorb waiCT - the two 
opposftioa to «di ofl«er. AmO^ ejEaii^le is the need simrftaneously to provide a 
cuahionfage^ and an effidert inflow of oxyseft,^^ '«»^ 
be «qpeoted ibst a dres^ brilky enottgjh to art 

inevitably provide a barrier to o;cygen inflow, especially if the whole of &e sux&ce is 
sealed to keep moiswxe in. For tWs reason, some wonnd dressings ate compound 

structures, made from diffcrcat layers, eacb wifli a different ft.nr.(ion «rKl r.,1c. Tn fact, 
practitioners often niix a»d malth difiterent dressfaigs flxan different manufactures to 
produce their own con^Kwnd strucnires, wifh highly varinble resohs. Cdn?>ound dressings 
need to be designed to work as an integrated whole, or the con^nents may interact with 
each other to inhibit or neutralise the effects designed to operate on the wound. 

Wounds frequently becoxnc iirfeeted. Wound dressings may carry antiseptic substances, 
and the physical protection they provide prevents ingress of extra infecting microbes, 
alflioagh this miraroWal exdnrion is seldom absoluie. Antiseptic substances carried on Uie 
dressfaig pad arc not usually very elective. possft>Iy because they do not readily disuse 
mto the wound at a steady rate. Moreover, the most effective subslanoes, antibiotics, are 
not available for routine use. because of the ever-present probtena of emergb« drug 
resistance. 

Hydtogeu peroxide (H^^ is a fcnownatrtinuaobhdsi*stt^ 

produced naturally in flie body by white blood cdls as part of the immune defence 
activities in response to mfecdon. There are no Imown microbial evasi<m medianis^ 
which microbes can escape its effects and it has a .short lifetimB. very rapidly bieaadng 
down to water and oxygen hi the tissues, a therefore does not aocumolaie to dangerous 
levels. When it is to be applied topically (e.g. to treat acne), its effectiveness is enhanced 
by the feet that it readily peneteatess the sidn surface to reach underly mg sites of fariSacdon. 
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As bydrogea p«oxide is so bexteficial, it has been for jnany years as an anJi-imCrobial 
substance for deansing wconds of all kinds and a& a biotogicaay cconpatlble gensral 
antisqptic. In particular, b(ydrogen peroxldfi-coiitainisig ointments have been used, e.g., for 
tceatmsnt of 1^ ulcets^ pressuie soies. minor wounds and infecdon. Thexe are» however, 
problems associated with the use of hy^^S^n peroxide. Hydrogra peroxide sohxtion is 
very unstable dnd is readify oxidised to water and oxygeo; fiirther, hydrog^ peroxide at 
high concGxitratiOA can be 4lffTP?g^"g to nonnal skin and to ceUs responsible for he afing in 
the woTond bed. It is very difficult or even impossible to use hydrogen peroxide a? part of 
d. yxi:/"uuii»^a vrOuud «lic2aiii^: ixijialilily V''Oi:l J fr.r ^ j^'i wiV^'^^ -vh "**^' ' - ^ 

short stielf-Iife, and dosing at the poxxft of application would still not provide a sustained 
delivery over a usefully prolonged period. When it is used in wound treatment (as 
described in the British Pharmacopoeia, for example) very Mgh concentrations (typically 
3%) are needed to achieve a powerful atitimicrohial effect over a very short time interval. 
Even this type Of short burst can be effective, because of the great effectiveness of 
I)ydrogen peroxide, but there is the further disadvantage thai such high concexitrations can 
be relatively damagfaig to hose cells and can impede the healing process. For this rcasoo, 
use of hydrogen peroxide tends to be restricted to initial clean-up and sterilisatiott of 
wounds. Bven so, it is a natural defence subscance, produced t>y the body's own cells (at 
lower concentrations) and it is mcreasingly recognised as an intercellular and intraeeUular 
messenger molecule, involved in cell to cell molecular signaUi^g and r^julatiodi. 
XJndoub&^y^ hydrogen p^coxide is potential]^ a very beneficial molecule, if it can be used 
at the right concentrations and in the appropriate time course. 

US4576817 proposes a bacteriostatic fibrous wound dressing incoxporadng dry enzymes 
such as glucose oxidase and lactoperpxidase to generate e.g. hydrogen peroxide and 
hypoiodite on contact with serum. 

WO 01/28600 discloses a wound dressing including dry glucose oxidase, dry 
lactopcroxidase and an ioeUde salt in a polymeric matrix. The glucose oxidase catalyses an 
oxidation reaction of glucose present in body fluids of a wound site to gejoerate hydrogen 
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paozide. Tbe acdon of lactoperoxidasd on bydiog^ peroxide axxd iodide generates 
demBntal iodiiie, wfaid is a poweiM anti-isfecdve agent. 

The wound diessit^ss disclosed in US 4576817 and WO 01/28600 rely on \ise of water in 
body fluids for liydraticog dried eosyme. Tbis inevitabty leads to a delay bemeen 
application of sueh a dressing to a wound and ftancdoiuxxg of enzyme-based teactioi:^. 



Summary of the Invention 

Accoiding to ihe present invention there is provided a ^sSxi dressing, compristng a first 
dressing cowpovs^ carrying oxidoreductase enrqratie m dried condition; and a second 
dressing consponent carrying a source of water, such that when the first and second 
dressing componwts are placed in fluid conzmunicatioja with each other, water migrates 
£rom the second component towards the first component and acts to hydrate enzyme 
carried by the first componet^, at least to the surface of d^te component 

The dressing cova^jx&ntB are kept separate before use, e.g. being sealed in separate sterile, 
water-imperviou9 padcag^s such as laminated aliuninium foil pouches. 

In use of the dressing, die second dxessing component is located on the skin of a human, ot 
animal, e.g. ov« a wound to be treated or on a region of akin to be treated for cosmetic or 
th^peutic purposes sucb as for tieaunent of acne oi: other skin conditions. The first 
dressixig con^Kmenf is placed on top of the second con^praeot in fluid conmocunication 
therewith. In embodiments comprising only first and second dressing components, the 
first dressing co^oiponent ia placed in direct contact witli the secoiul dtessing component. 
Water from the second ccunponent migraies towards die first component and acts to 
hydiQt& emytoQ carried by the first ccdoaponent, at least at points of contact at the interface 
between the first and second con^nents. Once tc^drated, ifae oxidoieductase enzyme can 




inaiLBdiately begjn fvaictiiOQmgi 3n known mmtsssr^ with consequent beneficial effects, e.g. 
as disclosed in US 4S76817. 

The dxessing casnpox^^$st^ are used in such a way flrat &e first oonaponent does not contact 
the skm and all water for en^noQC hydtai&XGt comes firom the ^ond campomat. A 
dressing in accqidanoe with the inventiLon is self-contained and does not rely qjx water in 
body fluids for enztyme bydiaiioii, e.g. as in the dressh^ of US 4S7(SS17 and WO 

01/28600, but instead includes the necessary water in the second compoDetct. This 
arrangement fiius providra for controlled, predictable ena^yme hydration. Fur&er, because 
the ens^yme does not contact the skin there is no scope for immiinological reactions to tfae 
enzyme nor degradation of en2ynie by proteases present in a wound. 

The invention is based on the surprising discovery thai dried enzyme in the first coittponent 
can be effectively hydrated relatively rapidly, at kast at the surface thereof, with water 
&Gm the second conipDnent, even in cbrcmnstances where it would not be expected that 
water would migrate from the second codoponent towards titic first coraponent. This will 
be discussed and iQustrated fiurlher below. 

In use of the dxessis^g, the ccudoreductase enzyme catalyses a reaction of an appropriate 
substcate with oxygen to produce hydrogen peroxide. The substnctje ooay either be 
naturally present in body fluids and/or be supplied sex^iraieay and/or be inooiporated iiuo 
the dressing. Qxidoreductase enzymes suitable for use in the Invendon and tbe 
correspoudb^ig substrates (which are present in blood and dssue fhiids) indude dbe 
foUowix^: 



Enzyme Substrate 

Oiucose oxidase P-t> glucose 

Btexose oxidase Hexose 

CholesteMl oxidase Cholesterol 

Galactose oxidase D-galactose 
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Fyiaaose oxidase 
CholiBe oxidase 
Pyravate oxidase 
Olycollate oxidase 



Fyranose 



Pynmte 
Glycollate 



AfiGd&oacid oxidase 



Aaoxooacid 



The currexrdy {^referred oxidoiteducrtEise en^me is glucose oxidase. TMs catalyses reactioii 

of p-D-glticose substrate to give hydrogen peroxide aod gluconic acid. 

A mixtoie of oxidoreductase enzymes may be used. 

If the teacdon occurs on <^ in the vicimty of tibe skin, the hydrogen peroxide so produced 
can kive a localised antibacterial effect. 

Altein3atively or additionally, the hydrogen peroxide generated hi this way may be used in 
a iwo stage arrangement, wifli the hydrogen peroxide undergoing a reaction catalysed by a 
peroxidase enzyme to produce a variety of species including reactive OTcygen intermediates 
that have antnnicrobial properties and that can therefore assist in promotixig woond 
healing. For such embodimeots, the dressing inclndes a pwoxidase enzyme, preferably 
present in hydiated cgndidon. As a flirtiber possibiliQ^ the hydrogen lyeroxide can react 
directly in a non-catalysed naanner *mth substances such as iodide Ions to genecate 
molecular iodine. 

Peroxidase enzymes useful in tibie inventkm include lactoperoxidase, horseradish 
peroxidase, iodide pooxidase, cUoride peroxidase and nyeloperoxiidase, ividi 
lactpperoxMbse currently beinygE . 

A ndxtuie of paoxidase CTzyroes may be used. 

The active spedes i»:oduoed hy the actiio9a of peroxidase axe difBcult to define, and mU to 
acme extend depend the particular peroxidase in question. For example^ borsc radish 
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peroxidajse worlss veary difSerentty to lactoperoxidase. Hi^ dialled chemistry is 
con^litcated by ibe &ct dbat the products axe so reactive that th^ r^idly give rise to other, 
associated products that are also very reacdve. It is believed that hydroxyl radicals, sjbogl^ 
oxygen and supexoxide are produced, just as in the "oxidative burst" reacti o n s identified in 
neutrophil and macrophage leukoQ/i^ of die human body» and in die well Icnown 
''Fenton" reaction, based on ibe catalytic effects of ferric ions. 

The dressing de-sirahly incliides a source of substrate for die oxidoreductase enzyme, e.g. 
glucose for ghicose o:ddase. PreS^bly the glucose is in die form of pure» phatmaceudcal 
grade material* Qhicose can also be siipplied m Che form of honey which provides 
tiamralLy other benefits such as healing and antbnicrobial &ctors. The substrate is 
preferably iticorporated in the second dressing component. Alternatively, the substrate 
may be present La a separate flurd dressing component that is preferably located in use 
between the first and second dressing components. In this case, the first and second 
dressing components are not in direct contact but are nevertheless in fluid conumnicatioa 
via the third component^ with water migradng from the second component^ ihraa^ the 
dxhd coniponent to the first cco^qKment. 

It is helpful to balance the relative amounts of en2yme and substrate sudbt djat there is an 
excess of Iqrdiogeii penndde wl^h^ atthough 1»8 potent that the products of 
lactopaoxidase aoti<n&) can act at a greater distance than ft^ more reactive species. It is 
also believed txat hydrogen peroxide can stimulate the formatioflt of new blood vessels in 
Che recovering wound (angiogenesis, or UMvascular growfli), stunulate the pxoli&ratlan of 
new tissue-forming cells and activate enzymes (proteases) responsible for helping to 
reshape the developiog new tissue. 

The substrate, e.g. glucose, may be present in various forms inchiding dissolved within a 
hydrated hydrogdl structure, present as a slowly dissolving solid, or encapsulated within 
another atructute for slow release. 



By providing m ««e8S of substrate, so the dressing is able to fimction in me to generate 
antimicrobial species over an extended period of time, typically at least 2 days, where 
sobstrale<5ontaininB hydiated or gels are formulated to retard flow of substrate to the 
enzymes, c-g. by extensive hydrogen bonding to in9)ede division through the or ftom die 
hydrogel in which dwy were origmally supplied. 

The antimicrobial efBciency of the system can be farther enhanced by the inchision of 
iodide ions, which can be oxidised to elemental iodme (which is a known powerful 
antimicrobial agents, e.g. as discussed in WO 01/28600) by die action of hydrogen 
peroxide, with or without catalytic effect Thus, die dressing desirably inctades a si^ly 
of iodide ions, e.g. potassium iodide or sodhun iodide. The supply of iodide ions may be 
present eiflier in the second dressing component or hi an additional membrane or gauze or 
other suitable layer. As iodine is also relatively toxic to host cells in die wound (e.g. 
f^ithelial cells, keratinocytes. white blood celk) it may not be advantageous to generate 
iodine continuously at a high concentiatiott throughout die time diat die formulation is in 
useinconlartwdidiesldn. Thus, in a preferred embodiment, the supply of iodide ions, 
e.g. iodide salt, is provided in a relatively quick-release form. In dns way. die hydrogen 
peroxide produced initially, to a first phase of activity, is substantially consumed in an 
iodine-generating reaction. cjqKisuig die skin (e.g. wound) to a snrge of iodine, die 
duration of whidi can be controlled by the amount, release-rate and position of die iodide 
suKHy. Suchaniodlnesurgecanbeveryuseftalinquicklyriddtagawoundofanncr^^ 
burden, and its relatively diort duration allows heaUng by minimishig damage to growmg 
cells and thehr repairing activi^r. Once die iodide has been consumed, die system 
automaticaUy reverts, in a subsequent phase of activity, to die production of hydrogen 
peroxide and related reactive oxygen species (ROS), which mauilams sterility and kills 
•mvading bacteria near die skin. e.g. wound surfece. In odier embodiments, however, it 
may be desired for die source of iodide ions to be such as to provide, in use, a sustained 
flux of iodine (and/or hypoiodous acid) for release into a wound, in addition (and in 
proportion) to hydrogen peroxide. The supply of iodide may alternatively be located ivilh 
die source of substrate for die oxidoreductase enzyme, as discussed above, e.g. in. a 
hydrated get The iocOde may be present in various forms, inciuding dissolved widiin a 
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liydrafBd gel Sttucmre, present as a slowly di^lving solid, or eocapsulated witfam anaffher 
structure for slow relea^. Iodide salt may be present^ e.g. in an amonnt iq> t£> about 2% 
by weigttt, Howevex, even in the absence of iodide, aniiniicrobial active inte nne d iat e s aze 
stHl formed, as discussed above. 

The dressing componems (first cotPponent, s^^ond component and third compotnetit if 
pfesem) ate desirably in the form of layers, such as sheets w slabs, of mal^ial, that caabe 
placed on top of each other to produce a dressing of layoed constnu^ton. 

The first component comprises a siippott or carri^. pre^srably in the form of a layer of 
material, carrying enzyme. In a simple case, the support or carrier con^jrises a laya: of 
material such as a cotum pad (e.g. a$ disclosed in US 4576817), a she« of cotton gaoze, 
or a sheet of absorbent paper such as Wotting p^iper, wiflh. dried enqraie. Using such 
carrier maiserials, water migration &om the second component is suMcient to hydrate and 
activate enzyme at least at or near the surface of the carrier sufScienfly rapidly to give 
useful results. With such supports it is surprisipgjy found fliat water migration is such tJiat 
there is sufficient moisture present at the surface of the first con5K)nent in contact or fluid 
commwication with the second component so ttiat at least the enzyme carried on or very 
near that surfiice becomes active, even if diere is not sufficient movement of water ixrto the 
dried enzyme layer to hydrate the whole of the first con^^onent. Activation of surface 
en^irme only is nevertheless suf&ciextf to give useftil results. It is, however^ preferred to 
use a support or carrier nmtcrial designed for enhanced and rapid rehydratioiL of enzyme. 
For example, good results have been obtained widi use of dried hydcogels as the first 
component carder xoaterial. 

B^drogel material inclvding the enzyme is ^ically cast to fbxm a slab, and then dried to 
fcxnn &e first dressmg con^onent. 

The hydrogel conveniently con^ises hydrophilic polymer material. Suitable hydroplulio 
polymer materials include polyacxylaies and methaorylates, e.g. as sapfdied by First Water 
ltd in the form of proprietory hydrogels, including poly 2-aciylaroido-2-mefliylpropaae 
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solphonic arid <poly-AMPS) ot salts Asieof (e.g. as described in WO 01/96422), 
polysaocharidss e.g. polysaccharidfi EWn» pardcdlarly xanfhan gum (e.g. avaflable under 
the Trade Mark Ketaol), various ragais, polycarboxyHc »dds (e.g. available under the 
Trade Mark Ganttez AN-169 BF ficom ISP Europe). poVCmeftyl vi»y| ethsr co-malcic 
Bohydzidfi) (eg. available under fee Trade Marie Gantrez; AN 139, l«aviiig a molecular 
weigbt in ftae xange 20,000 to 40.000). polyvioyl pymdidone (e.g. in die form of 
commerdally available grades known as EVP K-30 and PVP K-90), polycflqdene oxide 
(e.g. available unda Ae Trade Mark Polyox WSR-301). polyvinyl alcohol (e.g. available 
xmder the Trade Mark ElvanoD, cross-linked polyacxylic polymer (e.g. available under ibe 
Trade Mark Caibopol BZ-J), ceHntoses and modified celluloses including bydroo^ropyl 
cellulose (e.g. available under the Trade Mark Ktocel EEF). sodium caiboxymeibyl 
cellulose (e.g. available under tite Trade Mark CeUutose GWMi TJJF) bydKMtyefliyl 
cellulose (e.g. available under tise Trade Mark Natrosol 250 LR). 



Mixtures of lydxophilic polymer materials may be used Iti a gel. 
Pdly-AMPS and sadts thereof are tlie currently preferred materials. 

Tlie hydroifliilic polymer material is desirably present at a concentration of at least 1%. 
prtferSMy at least 2%, more prefecabfy at least 5%. possibly at least 10%. by wedght 
based on the total wds^ of Ibe gd. 

By using a gel .comprising a idatiVBly higb concentratioia (say 10« by weight) of 
hydrophilic polymw material, the gel can fbncdon particularly effectivety to take up water 
fiom tfie second dressing compOEoent in use of tbe dressing. 

Good results have been obtained using a dried Irydrogd comprising 1096 by weight of 
poly-AMPS and/or a salt or salts thereof. 

Tbb gel may be cross-linked. For example, the gel may comprise an alginate geU e.g. 
formed ftam alginic acid cross-linked in known manner, e.g. by use of calciom ciUoride. 
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Ctoss-liated gds form an entrapping l)iqpoIyxDa matrix ttaat can retam tlie enzyme wttbin 
fhe gel if die degree of cross-linking is sufSdently tight, dms preventing release of the 
eicxzyixffi into file woizod bed in us^ Thegelmay beinthefonnof beadlets, 

beads, slabs or extruded fbrefids etc. 

The hydrogel^ particulaily a cross-linfced gpl, wsy be cast arouiul a mechanical ieinfi>roii]e 
stmctuie, such as a sheet of cotton gauze or an inert flexible mesh, e,g, to providii^ a 
structurally reinforced hydrogel laye?r or slab. 

The second dressing component conq^rises a support or carrier, preferably an the form of a 
lay» of material, carrytag water. In a simple case, the support or carrier may comprise a 
sheet or slab of wat»-absOtb^t material such as sponge material or agar* Such a Sttpporc 
is not ideal as it is not well suited to absorb wound fluid. However, a dressing with such a 
second component support could nevertheless be beneficial for use with dry wounds, 
especially where fhe aim was rapid moismrisation and delivery of antimicrobial effects 
and/or oxyg^iation- It is, however, generally preferred to use a hydrated hydrogel as the 
second comjMDnent (with the gel constltuling the carrier or support). Suitable gel materials 
include those discussed above in connection with the first dressing component^ (but in. 
hydrated condition) with poly-AMPS and salts thereof being the currently preferred 
materials. Hydrated hydrogels have various benefits and advantages for ftiis purpose, 
including the followii^: 

• they form soft, flexible slabs that conform to the contours of skin surface with 
soothing and comfortable effects for a user 

• ftiey are able to bind large quantities of water ti^ly and are found to fhnctlon 
in use as very effective absorbers of moisture, e.g. wound exudate, ficom die 
skinsurfiaoe 

• Aey can also act to moisturise dry skin surface or a dry wovuid by increasmg 
the relative humidity of the Skin mfcro-^nvironment 

• despite fhe ti|^ bindii^ of water, it is nevertheless surprisiD^ fcmd that 
effective and rsqpid migration of water to the first comqponent can occur. 
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Hydrated hydrogels tims have a combmation of good diessing properties and good -water 
donation properties and so are well suited to use as the second dressing coanponent. 

Good readis have been obtained with a bydiaied hydrog^ comprising 20% bf weight of 
poly-AMPS and/or a salt or salts thereof as the second component. Sudi a compositiDn 
has optSmised wound dressing properties, as discussed above, particulariy exudate 
absQiption {oppertina and wound sunstmnsing properties. 

The hydrated hydxogel deairAly contains at least 30% by wdght water, to provide aa 
anqtle reservoir for hydration of enzgme of the first oomponenL The gd may contain a 
significantly hi^ amount of water, e.g. up to about 98% by weight water hi a single 
algmate or agar gd. The current prefferred 20% poly-AMPS gels referred to above 
contain about 60% by weigbt of water. 

The first and second components axe preferably sdected to be matched to each ottier , to 
enhance and preferably optimise water migration from the second coiqronent to the first 
coii?)onent. wifli the first component deshrably having a higher affinity for water than the 
second component and so being able successfuUy to conqiete for water initiaUy present in 
the second componsnL One convenient way of achieving ttus is for the conqjonents to 
inchide ingredienlB «ut are chcmicaUy identical or similar, or that are ficnctLonally shnilar 
ia tenm of hydtadon and water binding bdiaviour. For example, the first and second 
componenls may bodi mctade gd siqjports eoniprising the same polymers, e.g. poly- 
AMPS and/or a salt or salts thereof, with idendcal or difiBerent levds of cxoss-Iinker in the 
two gete (die gd of the first mtnpoaait being hi dried condition whUe that of the second 
compoftent is in hydrated condition). The fh»t and second con^wneats may both indude 
polymers diat arc functiondly shnilfli to each other in terms of hydxation and water 
bhJding beihaviour. For earample, where the second component inchides a siqjport of poly- 
AMPS and/or a salt or salts thereof, the first con^joneni convenief«ly hJdudes polyvinyl 
alcohol (PVA), which ftocdODS as a hc^dration enihancer in the first eonoponent. The first 
component may also indude monomers that are identical or simSar to monomers ficom 
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which the polymfiric siqipoit of the second cOBQJOXieDt is foimed. For example, where the 
second componeat includes a support of poIy-AMPS and/or a salt or salts thereof, ib^ first 
ccmpOD0nt convem«tfiy mdudes AMP5 and/or a salt or salt thereof. 

The tirst dressing coicponent desirably inctades one or more hydradon enhanceis, present 
in a suitable dnnouni to iocrease ttie affinity for water of the first coD3{K>ncnt« thereby 
enhancing migration of water frcna the second compon^ to the first component in use of 
the dressing. Useful hydration enhancers inclucte dried sugars (especially sucrose and 
trehalose), glycerol and sorbitol. Inclusion in the first component of materials that arc 
cheimcally identical or similar or that are functionally similar to materials in the second 
conqKment, as discussed above, can also be considered as exan^ples of hydration 
enhancers. Suitable amounts of hydration enhancers can be readily determined by 
e^cperiment. 

Pardcularly good resolts have been obtained with a dressix^ in which the first conqKment 
comprises a support of dried hydrogel formed from 1095 by weight poly-AMPS and/or a 
salt or salts thereof, carrying enzyme, and the second conqionent contprises a support of 
hydxated hydrogel comprising 20% by weight of poly-AMPS and/or a salt or salts thereof. 
The second conjponent contains at least 60% by wei^t of water. In such a dressing, the 
second conxponent is opthnised for sldn-contact propwtieSi including moisturising and 
fluid-uptake properties, as discussed above, and the first component is optimised for its 
ability to extract water from the second component. 

The first and/or second consponents convemenfly include one or mora moisturiser 
matexials. Usefiil moisturiser materials include zinc lactate, glycerol and sorbitol. 
Suitable amounts of moisturiser materials can be readily determined by e^qperiment 

As noted above, the substrate fm: the enzyme of the fkst contponi»[t (e.g. ghicose fox 
glucose oxidase) is preferably present m the second dressing componenL Where the 
substrate is present in a separate third component^ die tliird camponent comprises a support 
or carritf p preferably in the foxm of a layer of material* cazzying substrate. The support or 
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canier is convenieully a dried bydrogd polymer, SuittiMe po^ymejf xttaiBxJaLs include Aose 
discussed above ia connectioii wifli the first ajod second componsots. The third 
con^nent, if present, is desirably matched to Ihs first and second congjonsarts to optimise 
water migration from the second conqjonent, ffarongh the third component to the first 
component. 

The dressing convenienily includes, or is used with, a covering or ower layer fior adhering 
the dressing to die fildn of a human or anhnal subject (in known manner). At least part of 
the covering sfaoold be of oxygen-permeable materiid lo enable o^s^'geu ftom axnbiti.L air Uj 
pass tluOTgh the covering and enter faito the body of the dressing in nse. where it is 
• required as a cosubstrate of the oxidoreductase catalysed reaction. Tlie ojcyEPn-pcrmeable 
matedal may he fax the form of a -window" set into am otlMrwise relatively oxygei*- 
iraperzneable covexii^, eg. of possibly more robust material. 

Optionally the covering inchides a wuidow (or further window) in Or dirowgjh which can be 
seen indicator means e.g. an indicator sheet or similar structure fliat mdicates (e.g. by 
changing colour) when the dressmg chemistry is active. A ftotfjer hidicator may optionally 
be provided, which indicates (e.g. by changmg colour) wh«a the dressing cheKOiswy has 
ex$>ited. 

A ftxther useM opdon is to provide immobilise catalase enzyme on the inner smfiace of 
the covering (e.g. secured to adhesive IheieoO. Hiis wiU fhnctioa rapidly to break down 
any excess hydrogen peroxide wbich. may escape from a wound area. This feature will 
prevent poteniially damaging build-up of hydrogen peroxide in areas of normal, 
undama^d sidn. 

Diessii^ga in accordance with flwiiwenticm (or ccmjpo^ suitably sillied in 

sterile, sealed, wateiHbai^ervious padcages, e.g. lanunated aluminium foil pouchy. 

Dresshigs in accordance with tibue inventioa can be manufectnred in a range o£ different 
sizes and shapes for txeatment of areas of ddn e.g. wounds of diCGsieut sizes and shapes. 




Appropriaie amoimts of enzyme, and substrate mi iodide if present, far a paxticailar 
dressing can be readily d^nxiined by expsriment. 

The invention wiU be fuxthet dMcribed, by way of illnstration, in the following Examples 
and witih te&re&ce to tbe aocompanyiog drawing, in which: 

Figure 1 is a ^cfaeoiatic secticmai iltustration an eaabodimrat of wound dressing in 
accordance with the invendooa. 

detailed Desc Hprinn of ihe Drawing 

Hgute 1 illurorates scbeniadcally a 6kixL dressing in accordance witb tbe Invention. 

Hie illtistiated dressix^ is of layered construction and comi^ses an outer layw or covering 
10 in the fontt of an oxygen-panmeable srff-adhesive plaster, suitable for adhering to the skin 
12 of a subject, so as to cover a -wound 14. Co^'ering 10 encloses an upper layer comprising 
a first component 1 6 and a lower layer comprising a second component 1 8. 

The first component 16 comprises a sheet of dried Na poly-AMPS hydrogel incorporaling 
^ucose oxidase enzyme, as described below. The second component 18 comprises a sheet 
of IxydratedNa poly-AMPS hydrogel incoipoiating glucose^ as described below. 

Thie dressing is initially supplied as a multi-part system, with the individual components 
sqparately packaged in respective sealed, sterile packages. When required fox use» th.© 
dressing components are reniDved j&om die packages and applied to a wound in appropriate 
m^rmer and Older to produce the final dressing a$ shown. 

Details of the gds of components 16 and 18 are as follow. 

The hydrogel of the first con^onent was formulated to include the following reagents by 
weight: 
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10% sodam AMPS (2-8aylarMdo-2-ineihyIpropane8ulfonic acid, sodium salt ^brizol, 
code 2405)) 

0.4% poly ethylcxxe glycol 400 diacrylate CUCB CbBmicals) (crqss-linldng agent) 
0.01 % photomitiator (l-hydroxycydrtiexyl plienyl ketone (Mdrich)) 
0.2% y^fi** lactate (Sigma) (moisturiser and pH oontroller) 
Ohicose oxidase enzymB at 14U per ml gel 
To 100% wifli DI-watBT. 

PEG400 diacrylate was added to £bc l-iiydrox>-cycloliBxyl phenyl UeLouc. Tliis was 
wanned gsatfly for 1-2 minutes to dissolve the photoinitiator. Na AMPS was iheix added, 
followed Ijy the glucose oxidase (GOX). zinc lactate and finaDbr the Dl-water- The 
components were tibian tfaoroogbly mixed. 

The mixtaie was dispensed into a casting xxay. A cotton ganze sheet of relevant size, was 
then dipped into the gel starry and removed. The gauze was then placed onto a flat 
surface, and set by irradiation under tXV. for 30 secoxids under a IKW lamp. The hydrogel 
was then allowed to cool to 30°C or below befcre use. 

The hyditogelof the second compon^ 18 was fomnilated to inclnde fte following reagents 
"by weight: 

20% sodium AMPS (>aaylamido-2HDnefliy3^ropanBsulfiBiuc acid, sodium salt (f.»S>(isa>L, 
code240S)) 

0.2% poly ethylene glycol 400 diaciylaie (UCB Chemicals) 
0.01% ^otoinitiatCK- (l-hydroxycycl6hexyl phenyl ketone (Aldxich)) 
20% glucose CFisha) 
0.1% 2A3C lactate (Sigma) 
0.05% potasdum iodide (Fisher) 
To 100% widi Dl-water. 
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PEG400 diacrylaie was added to the l-kydroxycyclohcxyl pheiiirl ketone. This ^as 
waimed gpxjlly for 1-2 mimitess to dissolve the' ptotoimtiator. Na AMPS was then added> 
followed by the glucose, zinc lactate, potassinm iodide and finally the Dl-water. The 
conqponents were thra tfaorougUy mixed. 

The mixture was dispensed into a casting tray, to a depth of 2-3niin. The gel was set by 
irradiation under UV, for 30 seconds under a IKW lamp. The hydrogel was thcai allowed 
to cool to 3<yc or below befoi^ense. 

Tlie dried l^drogel fonning the first component 16 is fbmxulated to be optimised to preserve 
eazyme acdvity through manu&ctare, drying, irradiation (to ensure sterilhy) and storage, 
and also for extraction of water from the second component 18 on contact tibierBwith, fcx 
lehydralion of the first conqponent in use of the dres$ib()g> 

The hydiaied hydiogd fanning the second component 18 is optunised for sidn-contact 
properties, including the ability to absorb moisture froro the sldn, eg in the form, of wound 
exudate, while also being able to moisturise a dry surface, eg a dry wound, to wiuch it is 
applied. Molstarisi^g effects arise by the hydrogel actU3g to increasing flie TBlative Inmddity 
of the flV^Ti micro-environment and also by the effect of the lactate moistuiiser: vva1» vapour 
can escape relatively eadly from the hydiogel. The hydrogel also fimcCions efiSdendy as a 
source of water for donation to the first component 16. The second component hydrogel 
further provides a large r^ervoir of glucose substrate at a defined cancentration* csgiable m 
use of pving a sustained^ Mghly efBcient efifeot at a known and controlled rate. 

In use of the dressing, when the first component 16 contacts the second coroponeatit 18, water 
lapidly migrates from the second component to the first component, -where it acts to hydrate 
the glucose oxidase enzyme« Once hydrated, the enzyme acts to catalyse reaction of the 
ghicose substrate in component 18, resulting in gmeration of hydrogen parotide with 
consequent benefits for wound healing. 
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P-ifpei^'ment 1 

Experiments were carried out using th« dried hydiogel jnalfirial used fiw Hie first conqjonent 
16 (referred to as layer 1) and the hydrated hydrogsl matraial xised fiw flbie second componfflit 
IS (referred to a layer 2), to demonstrate restoraflcai of the activi^ of flw dried wsymet m 
layer 1 on rehydration wifli water stored in layer 2. This involved the tise of indicator plated 
pzepared as fellows: 

1% agar (Sigma) and 1% starch (Aldricli) was (TissoWftd in DT-water. 10nm^f potasshmi 
iodide (Fishex) was then added, and the molten gel poured into disposable pecci dishes to a 
depdi of 2-3 am. Hie gels vr&cc allowed to cool. 

A sheet of layer 1 hydrogel was dried in an oven at 37 "C for 1 hour. 4cm x 4cm blocks of 
layer 2 were placed onto indicator ptotes. To the top of these. eith» the dried or nojwlried 
layer 1 sheet was added. The rate of colour change was observed as an indicator of how 
quickly ihe ghicose oxidase is producmg hydrogen peroxide. The colour change is due to 
the hydrogen peroxide oxidising the iodide to iodine, which produces a yellow brown stain 
within the gd. As flie iodine and excess hydrogen peroxide difibse thtOUgil tbe hydrogel, 
they will interaa with the starch and iodide in the mdicator plate. Hie exce^ l^drogen. 
peroxide win oxidise the iodide to iodine, wl)dbc& in turn combines with the starch to form a 
blue coloured coznplex. Table 1 demonsnates the z^lttive intensities of cofoor gemetaxed. 



Table 1: CQmparadve and qualitative review of colour intensily generated cbring zeac&cm. 



Time (mixis) 


Wet Layer 1 Colour 


Dried Layer 1 Colour 
Intensity 


0 






15 


X 


XX 


30 


XX 


XXX 


45 


XXX 


XXXX 


60 


xxxx 


xxxxx 


75 


xxxxx 


xxxxxx 



The lesxilts showed that the dried tydrogd sheet sorprisingly started to work more quickly 
tb^xk titxe hydrated hydrogel sheet. Subsegoent colour developmesit proceeded at a similar 




rate, until £he entire indicator plates were blue from the stardi-iodide complex. This 
shows that the Jiydrogel fonnxilation will allow water tians&r between Itoe two gel states 
(dried and non-dried) and tbat the layer 2 will sunendcr water to layer 1 . 

Forther experiments were carried out rising differextf supports flar flie dried enzyme layer 
1, together with a hydrated hydrogel l^^er 2 as previously de$cfibed. 

Glucose oxidase was prepared in Dl-wataar, 3%w/v poIyvLoyl alcohol aiul AMPS inonc»ni^ 
at 14U/nd. Cotton gauze and Whatman No,l blotting paper wsare saturated wilh each of 
the solutinns and dried at 37 *C, A section of each material of eacJi GOX preparation was 
then applied to a layer 2» gel, on an indicator plate. Also used were the layer 1 liydrogels 
described in experiment 1. The samples were observed for colour change (Le, perceived 
activity) and wetting. The observations are seen in table 2 and table 3 respectively. 



• Table 2: perceived activity after combination of layerl and layer 2, 



Time 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


(mins) 


water 


water 


PVA 


PVA 


AMPS 


AMPS 


h/gel 


h/gel 




Gauze 


Paper 


Gauze 


Paper 


Gauze 


Paper 


Wet 


Dried 


1 


















15 










X 


X 


x 


X 


30 


X 


X 


X 


X 


XX 


XX 


XX 


XX 


45 


XX 


XX 


XXX 


XXX 


XXX 


XXX 


XXX 


XXX 


Table 3: observed wetiing rate after combination of layer 1 and layer 2. 


Time 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


Gox in 


(mins) 


water 


water 


PVA 


PVA 


AMPS 


AMPS 


h/gel 


h/gel 




Gauze 


Papw 


Oauze 


Paper 




Paper 


Wet 


Dried 


1 














XXX 




15 






X 


s 


XX 


XX 


XXX 




30 






XX 


XX 


>FXX 


XXX 


XXX 




45 


XX 


XX. 


XX 


XX 


XXX 


XXX 


XXX 


. XXX 
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Hiese observations show tiiat layer 2 liydrogd will give water to a separate layer ftat lies 
incontectthEsewith. The rate of te-wetting varies depending on ihe type of 
is vised in the upper layer 1. From the observations, using the same monomer mstatisi in 
the iqjper layer 1 as tibat in the lower layer 2, water transfier is quidcer, thns allowing tlK 
movement of enzyme substrate to begin quicker. This is visible by observing how qoicldy 
the lml i«H>tfty colour devdops and by Has wetting of flue dried smples. 

Wn&i a simple upper l^er 1 not indudmg any rthydraticai enhancer materials, en^e 
aotiiviry is xestoxed al ih« inteifece betweea tlie layers, but noi away £foai tlio micifucv, 50 uot 
all available enzyme was acfivated. The enzyme activity restoration at the interfece occuiied 
wen before there was any visible agn of wetting. Even Usis limited eozyme activation 
occurs sufficienfly rapiaiy and is of sufiBcient extent to be mefiil in dressmgs embodying the 
invention. With a upper layer including a rdaydration enhancer malarial, PVA, AMPS or 
poly AMPS, en^rme activity is lestoted more rapidly and within layer 1 as weU as at the 
intei&ce, so it is preferred to use such noatexials- 
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